Embryonic development repeatedly deploys a finite number of signaling pathways to control a multitude of processes such as patterning, growth and differentiation. Diversity in gene expression resulting from these signals depends on the epigenetic landscape as well as the network of interactions between different pathways at a given time. A third mechanism to generate diversity from a sole signal is to modify downstream pathway effectors by modulatory protein activity. The calcium-dependent calpain proteases are modulatory proteases that cleave proteins at specific sites, generating fragments, or neoproteins, with novel functions. Among calpain substrates are effectors of the Wnt and NFκB pathways, ERK pathway and ionic channel receptors, and cell cycle regulators. Loss of calpain function is associated to muscular dystrophy, deterioration of neural connections and embryonic patterning defects. Here we review the basic features of calpains, the principles that guide regulation by calpain activity, and recent literature on how calpain function controls fundamental aspects of animal development.
Introduction
The calpain proteases are calcium-dependent intracellular cysteine proteases that cleave their substrates at a small number of sites. Over the last decade it has become increasingly clear that calpains perform a modulatory activity, frequently generating novel protein functions from substrate cleavage (Bozoky et al., 2011; Del Bello et al., 2007; Fontenele et al., 2013; Fuentes et al., 2010; Hayashi et al., 2008; Kulkarni et al., 2002; Lade et al., 2012; Ma et al., 2012; Montagne et al., 2017; RiosDoria et al., 2003; Tremper-Wells and Vallano, 2005; Vieira et al., 2017; Zhang et al., 2006; Zyskind et al., 2015) . These include generating active or dominant negative fragments from an inactive protein, decreasing the association of proteins in multiprotein complexes, and modifying the subcellular distribution of protein fragments relative to the original target. As shown below, calpains display a broad range of proteolytic substrates, several of which are involved in key aspects of embryogenesis, consistent with loss of calpain activity having been associated to impaired development. This review intends to introduce the developmental biologist to the activities of this important protein class, exploring their mode of action, regulatory mechanisms that control calpain function and pinpointing a few developmental contexts where calpains exert a specific, well documented role. Calpains are found in almost all eukaryotes and a few bacteria, thus, as ancient genes, they may display conserved functions in development yet to be explored (Ono and Sorimachi, 2012; Rawlings, 2015; Staniec et al., 2015) .
In the initial sections we will deal with the modern classification of calpains and introduce the general structural features of calpain proteases. A thorough review of calpain structure and phylogeny is not intended, as excellent reviews have already explored these aspects (Campbell and Davies, 2012; Ono and Sorimachi, 2012) . Subsequently, we deal with calpain regulation by calcium ions and auto-proteolysis, aspects that convey characteristic temporal features to calpain activity, namely, their quick and limited action. This should give the reader a sense of the temporal and spatial regulation of calpain function to capture in greater depth the fundamental importance of calpains in development, as detailed in our last section.
Structural requirements for calpain function
Calpains are classified into classical and non-classical forms based on domain architecture (Ono and Sorimachi, 2012) . The first calpain enzyme was described in 1964 (Guroff, 1964) , purified to homogeneity in 1976, and originally named CANP (Calcium-Activated Neutral Protease) (Dayton et al., 1976) . In the 1980's a series of CANPs were discovered in rabbit, chicken, porcine, rat and human skeletal muscle https://doi.org/10.1016/j.mod.2018.07.011 Received 29 March 2018; Received in revised form 31 July 2018; Accepted 31 July 2018
